An electron microscope is a type of microscope that uses electrons to illuminate a specimen and create an enlarged image. Electron microscopes have much greater resolving power than light microscopes and can obtain much higher magnifications. Some electron microscopes can magnify specimens up to 2 million times, while the best light microscopes are limited to magnifications of 2000 times. Both electron and light microscopes have resolution limitations, imposed by their wavelength. The greater resolution and magnification of the electron microscope is due to the wavelength of an electron, its wavelength, being much smaller than that of a light photon, electromagnetic radiation.
The Transmission Electron Microscope -TEM
The transmission electron microscope (TEM) operates on the same basic principles as the light microscope but uses electrons instead of light. What you can see with a light microscope is limited by the wavelength of light. TEMs use electrons as "light source" and their much lower wavelength make it possible to get a resolution a thousand times better than with a light microscope.
Magnetic Lenses Guide the Electrons
A "light source" at the top of the microscope emits the electrons that travel through vacuum in the column of the microscope. Instead of glass lenses focusing the light in the light microscope, the TEM uses electromagnetic lenses to focus the electrons into a very thin beam. The electron beam then travels through the specimen you want to study. Depending on the density of the material present, some of the electrons are scattered and disappear from the beam. At the bottom of the microscope the unscattered electrons hit a fluorescent screen, which gives rise to a "shadow image" of the specimen with its different parts displayed in varied darkness according to their density. The image can be studied directly by the operator or photographed with a camera.
Transmission Electron Microscope Components
A TEM is composed of several components, which include a vacuum system in which the electrons travel, an electron emission source for generation of the electron stream, a series of electromagnetic lenses, as well as electrostatic plates. The latter two allow the operator to guide and manipulate the beam as required
1.Vacuum system
In order to allow for uninterrupted passage of electrons, the TEM must be evacuated to low pressures, typically on the order of 10-4 to 10-8 kPa .To evacuate a TEM, the vacuum system consists of several stages. High pressure "low vacuum" pumps such as Diaphragm pumps are utilized to perform evacuation of the TEM to a sufficiently low pressure to allow the operation of turbo molecular or diffusion pumps which can reduce the TEM's in column pressure even further.
2.An electron gun (also called electron emitter) is an electrical component that produces an electron beam that has a precise kinetic energy and is most often used in televisions and monitors which use cathode ray tube technology, as well as in other instruments, such as electron microscopes and particle accelerators. Electron guns may be classified in several ways: a. by the type of electric field generation (DC or RF), b. by emission mechanism (thermionic, photocathode, cold emission, plasma source), c. by focusing (pure electrostatic or with magnetic fields), or d. by the number of electrodes.
Characteristics
A DC, electrostatic thermionic electron gun is formed of several parts: a hot cathode, which is heated to create a stream of electrons via thermionic emission, electrodes generating an electric field which focus the beam-such as a Wehnelt cylinder-and one or more anode electrodes which accelerate and further focus the electrons. A large voltage between the cathode and anode accelerates the electrons. A repulsive ring placed between them focuses the electrons onto a small spot on the anode at the expense of lower extraction field strength on the cathode surface. Often at this spot is a hole so that the electrons that pass through the anode form a collimated beam and finally reach a second anode called a collector.
Electron beam formation Single crystal LaB6 filament Hairpin style tungsten filament
From the top down, the TEM consists of an emission source, which may be a tungsten filament, or a lanthanum hexaboride (LaB6) source. This will be of the form of either a hairpin-style filament, or a small spike-shaped filament. By connecting this gun to an HV source (Typically ~120kV for many applications) the gun will, given sufficient current begin to emit electrons into the vacuum. This extraction is usually aided by the use of a Wehnelt cylinder. Once extracted, the upper lenses of the TEM allow for the formation of the electron probe to the desired size and location for later interaction with the sample.
Manipulation of the electron beam is performed using two physical effects. The interaction of electrons with a magnetic field will cause electrons to move according to the right hand rule, thus allowing for electromagnets to manipulate the electron beam. The use of magnetic fields allows for the formation of a magnetic lens of variable focusing power, the lens shape originating due to the distribution of magnetic flux. Additionally, electrostatic fields can cause the electrons to be deflected through a constant angle. Coupling of two deflections allows for the formation of a shift in the beam path, this being used in TEM for beam shifting, subsequently this is extremely important to TEM. From these two effects, as well as the use of an imaging system (such as a phosphor screen), sufficient control over the beam path is possible for TEM operation.
Lenses
The lenses of a TEM allow for beam convergence, the angle of which can be varied, giving the TEM the ability to change magnification simply by modifying the amount of current that flows through the quadrupole or hexapole lenses. The quadrupole lens is an arrangement of electromagnetic coils at the vertices of the square, enabling the generation of a lensing magnetic fields, the hexapole configuration simply enhances the lens symmetry.
Typically a TEM consists of three stages of lensing, with many possible modifications on lens configurations, particularly in the application of energy filtered TEM. The stages are the condenser lenses, the objective lenses, and the projector lenses. The condenser lenses are responsible for primary beam formation, whilst the objective lenses focus the beam down onto the sample itself. The projector lenses are used to expand the beam onto the phosphor screen or other imaging device, such as film. The magnification of the TEM is due to the ratio of the distances between the specimen and the objective lens' image plane
Imaging
Imaging systems in a TEM consist of a phosphor screen for direct observation by the operator, and optionally an image recording system such as film based or phosphor screen coupled CCDs. Typically these devices can be removed or inserted into the beam path by the operator as required.
Imaging methods

Contrast Formation
Contrast formation in the TEM depends greatly on the mode of operation. Complex imaging techniques which utilize the unique ability to change lens strength or to deactivate a lens allows for many operating modes
Bright field
The most common mode of operation for a TEM utilizes bright field imaging, whereby the contrast formation, when considered classically, can be considered to be formed directly by occlusion. Thicker regions of the sample, or regions with a higher atomic number will appear dark, whilst regions with no sample will appear bright --hence the term "bright field".
Preparation of Specimen
In a TEM, the specimen you want to look at must be of such a low density that it allows electrons to travel through the tissue. There are different ways to prepare your material for that purpose. You can cut very thin slices of your specimen from a piece of tissue either by fixing it in plastic or working with it as frozen material. Another way to prepare your specimen is to isolate it and study a solution of for example viruses or molecules in the TEM. You can also stain the specimen in different ways and use markers to locate specific things in the tissue. It can for example, be stained with heavy metals like uranium and lead, which scatters electrons well and improves the contrast in the microscope.
1.Sections of Embedded Material
Biological material contains large quantities of water. Since the TEM works in vacuum, the water must be removed. To avoid disruption as a result of the loss of water, you preserve the tissue with different fixatives. These cross-link molecules with each other and trap them together as stable structures. The tissue is then dehydrated in alcohol or acetone.After that, your specimen can be embedded in plastic that polymerize into a solid hard plastic block. The block is cut into thin sections by a diamond knife in an instrument called ultra microtome. Each section is only 50-100 nm thick.The thin sections of your sample is placed on a copper grid and stained with heavy metals. The slice of tissue can now be studied under the electron beam.
Sample Staining Electron Staining
Details in a light microscope sample can be enhanced by stains that absorb light. Similarly TEM samples, usually of biological tissues, can utilize stains to enhance contrast. The stain absorbs electrons via phonon interaction, or scatters out of the part of the electron beam that is projected onto the imaging system. Compounds of heavy metals such as osmium, lead, or uranium may be used prior to TEM observation to selectively deposit electron dense atoms in or on the sample. During imaging beam electrons are deflected by electronic interactions with the positive atomic nuclei and negative electron clouds. Electron dense areas in the sample appear darker on the screen and on positive images.
Negative Staining of Isolated Material -Shadow Casting
The isolated material (can be a solution with bacteria or a solution with isolated molecules) is spread on a support grid coated with plastic. A solution of heavy metal salt is added. The metal salt solution does not bind to the material but forms a "shadow" around it on the grid. The specimen will appear as a negative picture when viewing it in the TEM.
Applications of the TEM
The TEM is used heavily in both material science/metallurgy and the biological sciences. In both cases the specimens must be very thin and able to withstand the high vacuum present inside the instrument.
For biological specimens, the maximum specimen thickness is roughly 1 micrometer. To withstand the instrument vacuum, biological specimens are typically held at liquid nitrogen temperatures after embedding in vitreous ice, or fixated using a negative staining material such as uranyl acetate or by plastic embedding. Typical biological applications include tomographic reconstructions of small cells or thin sections of larger cells and 3-D reconstructions of individual molecules via Single Particle Reconstruction.
